Radiofrequency ablation using irrigated catheters is performed using a power-controlled mode. However, lesion size is dependent on current delivery at a particular impedance, such that a power value alone may not reflect actual energy delivery, resulting in lesion size variability at similar power settings. We hypothesized that modulating baseline impedance at fixed power settings affects ablation lesion dimensions.
R
adiofrequency ablation is performed by applying alternating current at ≈500 kHz from the tip electrode of an ablation catheter through a resistive volume (myocardial tissue and blood) to a patch located on the patient's surface. The current that passes through the resistive tissue generates heat that raises the tissue temperature. Once this temperature exceeds ≈55°C, the cells undergo a process of irreversible thermal-induced necrosis. 1 There is a positive relationship between current (I) and temperature, such that increased current output from the generator results in increased tissue heating, leading to larger ablation lesions. 2 While temperature can be used to titrate ablation energy with nonirrigated catheters, it has become irrelevant after the introduction of cooled irrigation ablation catheters. As such, the contemporary clinical practice has transitioned from a temperature to a power-controlled energy delivery. However, the relationship between power and current is affected by the resistance on the generator as expressed by the power equation, whereas power (P) equals current squared (I 2 ) multiplied by resistance (R): P=I 2 R. Therefore, a generator delivering energy at a fixed power generates variable current that is dependent on the baseline resistance and its changes during the application. 3, 4 Two components comprise the overall resistance (impedance) value. The first component is resistance generated by the tissue and blood volume surrounding the ablation catheter tip. This component of resistance is relatively consistent within and between patients and is influenced by the amount of contact between the tip electrode and the myocardial tissue. Because tissue resistivity is about twice the value of blood, the combined resistance is proportional to the tissue-catheter tip interface and is increased with higher tissue contact force. [5] [6] [7] [8] The second component of resistance is formed between the catheter tip and the return patch placed on the skin. This component of resistance is largely dependent on air, adipose tissue, and the keratinized epidermis layer-the most resistive media between the catheter tip and the return patch. This component of resistance is highly variable between patients. In a power-controlled mode, the radiofrequency generator applies a current over the measured resistance to generate the power set by the operator. The current delivered to the ablation site is dependent on the local resistivity and its proportion to the total resistivity. This variability in resistance may result in inconsistent lesion dimensions particularly at the spectrum ends, such that ablation at high impedance results in small and inadequately sized lesions while ablation at low impedance results in large lesions, overheating, and the potential for char or steam pop.
9 Figure 1 illustrates the effect of varying patient body composition on impedance loads, current output, and lesion dimensions. The purpose of this study was to examine the effect of baseline impedance on current output and radiofrequency ablation lesion dimensions at a fixed power mode as commonly used with irrigated catheters.
METHODS
The data, analytic methods, and study materials will be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Animals and Protocol
This study included 20 ex vivo Yorkshire swine hearts and 6 in vivo Yorkshire swine utilized in 3 experimental modalities: (1) ex vivo ablation model: examination of radiofrequency ablation lesion dimensions using a multistepped baseline impedance at a fixed power mode; (2) in vivo thigh muscle preparation: examination of radiofrequency ablation lesion size at 3 preset baseline impedance levels at a fixed power mode; (3) in vivo right atrial (RA) lines: examination of line formation at 3 preset baseline impedance levels at a fixed power mode. All in vivo experiments were performed under general anesthesia with isoflurane inhalation (1.5-2.5%) and mechanical ventilation (12-16 breaths per minute with tidal volumes between 300 and 400 mL). The research protocol was approved by the Institutional Animal Care and Use Committee. All animal experiments were performed at the Beth Israel Deaconess Medical Center animal research facility, Boston, MA.
Biophysical Ablation Parameters
In all experimental modalities, the following biophysical data were recorded for each radiofrequency application: (1) power generated by the radiofrequency generator and represented by watts (W), (2) current squared (I 2 ) measured by the radiofrequency generator and calculated using the power equation, (3) baseline impedance load at 50 kHz (defined as the impedance value recorded by the radiofrequency generator 1 second after initiation of radiofrequency delivery), (4) impedance at the termination of radiofrequency delivery, and (5) impedance drop during application (calculated by subtracting the terminal impedance value from the baseline impedance value).
WHAT IS KNOWN?
• Radiofrequency ablation using irrigated catheters is performed in a power-controlled mode.
• However, lesion dimensions are dependent on current output at a particular resistance (P=I 2 R).
• Thus, a power value alone may not reflect actual energy delivery and lesion dimensions.
WHAT THE STUDY ADDS?
• Radiofrequency ablation operated in a power-controlled mode results in variable lesion dimensions.
• This is the result of variable current output that depends on impedance load during ablation.
• Baseline impedance has a strong correlation with current output, such that ablation at lower baseline impedance results in increased current delivery and larger lesion dimensions.
Ex Vivo Model
The purpose of this first experimental step was to examine the effect of baseline impedance at a fixed power setting on radiofrequency ablation lesion dimensions under controlled conditions. For these experiments, we used the smooth muscular part of the left interventricular septum to avoid potential biophysical differences between different tissue types. The tissue preparation was placed on a porous plastic plate mounted on the metal plate, which in turn was wired to a resistor bath simulating the impedance of the body and the return patch. The tissue was submerged in saline and controlled for electrical conductivity (6.5-7.5 mS/cm) to match the blood conductivity. 7 This was done to neutralize the effect of the submersion solution on current distribution between blood and tissue. The saline temperature was controlled to 37°C by circulating the saline through a heat exchanger placed in a temperature-controlled water tank. A proprietary serial resistor was built to simulate the resistance of the biological tissues and the indifferent electrode. The resistor consisted of the waterproof nonconductive chamber with 2 metallic rods. One rode was wired to the tissue preparation, and the second rode was wired to the return connection into the generator. The resistivity was controlled by the fluid level and its salinity. Figure 2 provides a schematic illustration of the experimental benchtop ex vivo ablation model. The ablation catheter tip was attached to a suspension arm and positioned perpendicular to the endocardial surface. It was balanced horizontally with the counterweight of a 10-g ballast to produce 10 g of contact force. Ablation was performed at a constant power of 30 W for 20 seconds at variable baseline impedance values, ranging from 100 to 226Ω measured at 50 kHz sampling rate. Ablation was performed using an open-irrigated ablation catheter (Thermocool SmartTouch SF; Biosense Webster, Irvine, CA) and a SmartAblate RF generator (Stockert GmbH, Freiburg, Germany). The irrigation fluid was also controlled for electrical conductivity and kept similar to blood conductivity (6.5-7.5 mS/ cm). Ablation was performed at an irrigation rate of 8 mL/min. After each ablation application, the underlying tissue and catheter tip were carefully examined for the presence of char, coagulum, or tissue rupture indicative of steam pop. The catheter was then positioned at a new location, allowing adequate separation between ablation lesions. Up to 15 ablation applications were performed at each plate and at variable baseline impedances. After ablation, individual plates were immediately transferred for tissue processing and staining as described below.
In Vivo Thigh Muscle Preparation Model
The purpose of this second experimental step was to investigate the effect of baseline impedance at a fixed power setting on radiofrequency ablation lesion dimensions under controlled conditions in a well-established in vivo model. In 2 swine, A, Schematic representation of the electrical circuit during RF ablation. The generator produces electrical current that is delivered to the catheter's tip electrode. The current then flows to the dispersive skin electrode, whereas the patient's body is part of the circuit. Tissue conductivity and resistivity are important variables of ablation lesion formation at fixed power settings because current output is dependent on circuit resistivity (P=I 2 R). The 2 main components of body resistivity are the volume surrounding the catheter-tissue interface (generated by blood and myocardium) and fat or air between the catheter tip and the dispersive patch. B and C, Ablation at a similar power setting and tissue contact force in a patient with low body resistance (B) and high body resistance (C). RF ablation at lower body resistivity results in higher current output and tissue temperature.
bilateral thigh muscle preparations were performed (total of 4 thigh muscle preparations). We have previously reported our swine thigh muscle preparation technique for assessment of radiofrequency ablation and its correlation to ablation in the beating heart. 10 In brief, an incision was made over the thigh muscle; the thin superficial muscle was dissected to expose the deeper and thicker biceps femoris muscle. The skin and connective tissue were elevated to create a cradle overlying the thigh muscle. Arterial blood was extracted (≈400 mL), and unfractionated heparin was added to maintain an activated clotting time of 300 to 400 seconds. The blood was then circulated at a rate of 200 mL/min and a temperature of 37°C within the thigh preparation cradle. The electrical conductivity of the blood pool was monitored and maintained within physiological range (6.5-7.5 mS/cm) measured with a conductivity meter. The catheter was irrigated with 0.45% saline, which has similar electrical conductivity to blood. The ablation catheter was positioned perpendicular to the tissue. Because tissue compliance of a swine thigh muscle is higher than myocardium, the contact force was reduced to 2 to 5 g in attempt to maintain a similar degree of catheter imprinting in tissue. All ablation lesions were performed at constant power settings of 30 W for 20 seconds at an irrigation rate of 8 mL/min. Three groups of ablation lesions were created in each thigh muscle preparation based on baseline impedance: (1) low impedance group (90-130Ω), (2) intermediate impedance group (131-180Ω), and (3) high impedance group (>180Ω). Modulating the baseline impedance was performed by using one return patch at different body locations including the cradle itself (lower baseline impedance was achieved by placing the patch in the cradle, whereas high baseline impedance was obtained by placing the patch distant from the thigh preparation cradle, in the front hock).
In Vivo RA Line Model
The purpose of this third step was to evaluate the effect of baseline impedance at a fixed power mode on linear ablation in a beating heart atrium. In 4 swine, RA anatomic shell was constructed using the Carto 3 mapping system (Biosense Webster, Irvine, CA). Three parallel ablation lines (septal, posterior, and anterior) were created from 1 cm below the superior vena cava to 1 cm above the inferior vena cava at a similar power setting of 30 W per 20 seconds. Each line was applied at a different baseline impedance value range: (1) low impedance group (100-130Ω), (2) intermediate impedance group (150-170Ω); and (3) high impedance group (180-210Ω). Baseline impedance was similarly modulated by the number and location of the body return patches. All baseline impedance measurements were recorded with the catheter tip in contact with the tissue (5-15 g). The baseline impedance settings were randomized for each line position such that the number and location of lines created with each baseline impedance group were equal and similar between animals. This was done to account for any potential differences in tissue thickness between locations and animals. Ablation was performed using a point-by-point technique with 3 to 4 mm distance between applications and at a target contact force range between 5 and 15 g. RA line was considered complete when: (1) no visual gaps were present, (2) near-field electrograms were eliminated (defined as bipolar voltage ≤0.1 mV), and (3) pacing in 5-mm increments along the line at 10 mA per 2 ms using a unipolar configuration failed to capture the tissue.
Tissue Processing and Lesion Evaluation
In ex vivo and thigh muscle preparation experiments, each ablation lesion was labeled with a numbered pin immediately after its completion. Each ablation lesion was cut through its center in a perpendicular orientation to the surface and transferred for vital staining with triphenyl tetrazolium chloride (Sigma-Aldrich, Inc, St. Louis, MO). After staining with triphenyl tetrazolium chloride, all ablation lesions were scanned in high resolution (1200 dpi) and measured using electronic digital calipers. Maximal depth and width were measured for each lesion.
After creation of the RA lines, animals were euthanized, and the heart was excised for pathological analysis. The epicardial aspect of the RA was examined, and the RA was subsequently opened via the RA appendage to expose all of the 3 lines. Following correlation with the anatomic map, the tissue was submerged in triphenyl tetrazolium chloride. The endocardial side of the stained RA tissue was similarly scanned in high resolution. Subsequently, the tissue was fixated in 10% formalin solution for 3 to 5 days. Fixed tissue was sliced perpendicular to the long axis of the ablation lines in 5-mm intervals. The cross-section of each line was then assessed for width and transmurality.
Statistical Analysis
Descriptive statistics are reported as mean±SD for continuous variables. The correlation coefficient (R) between continuous variables (current, baseline impedance, lesion width, and lesion depth) was evaluated using the Pearson correlation coefficient. A correlation coefficient ≥0.75 was considered strong, whereas ≤0.50 was considered weak. Ninety-five percent CI of the correlation coefficient was based on the Fisher transformation. Comparison between the 3 impedance groups was performed using 1-way ANOVA for the normally distributed data and Kruskal-Wallis test for others. Bonferroni correction was used for pairwise comparison. To avoid an interanimal variability in biologic response to radiofrequency energy, ablation at each heart was performed at the entire tested range of the impedance values and at an equal number of individual applications or lines. A P value <0.05 was considered statistically significant. Statistical analyses were performed with Stata/MP, version 14 (StataCorp, College Station, TX).
RESULTS

Biophysical Parameter Analysis
The relationship between power, baseline impedance, impedance drop, and current squared to lesion dimension was examined for each radiofrequency application in an ex vivo benchtop model (n=68), thigh muscle preparation model (n=62), and the beating heart (RA ablation applications applied to create the lines [n=229]).
Ex Vivo Radiofrequency Ablation Model
A total of 68 radiofrequency ablation applications were performed using an ex vivo benchtop ablation model. Each radiofrequency application was created at a similar power setting of 30 W per 20 seconds using a stepped baseline impedance between 100 and 226Ω at increments of 18±2.8Ω. Gross pathological lesion analysis included 65 radiofrequency applications (3 lesions were excluded because of tissue processing artifacts). Baseline impedance had a strong negative correlation with lesion width (R=−0.77; CI, −0.85 to −0.65) and moderate correlation with lesion depth (R=−0.72; CI, −0.82 to −0.59). Figure 3A shows the relationship between baseline impedance and lesion dimensions. Radiofrequency applications at the lowest baseline impedance range (lowest third, 100-130Ω; n=21) resulted in larger lesion dimensions (width, 8.3±1.4 mm; depth, 3.6±0.7 mm) compared with intermediate baseline impedance (131-180Ω; n=27; width, 5.9±0.9 mm; depth, 2.6±0.3 mm) and high baseline impedance (180-224 Ω; n=17; width, 5.0±0.7 mm; depth, 2.3±0.4 mm; P<0.0001 for all comparisons). Figure 4 shows a gross pathological preparation comparing radiofrequency applications at a similar power setting of 30 W per 20 seconds with different baseline impedance loads. Note that ablation at a low baseline impedance (106Ω) resulted in a lesion size that was twice the size of ablation at a similar power setting but at a higher baseline impedance (224Ω).
The ablation current squared (I 2 ) had a strong positive correlation with the ablation lesion width (R=0.85; CI, 0.77-0.91) and depth (R=0.81; CI, 0.72-0.88). Figure 3B shows the relationship between current and lesion dimensions.
Current squared (I 2 ) had a strong negative correlation with the baseline impedance such that lower baseline impedance was proportional to increased current output (R=−0.94; CI, −0.96 to −0.91). Figure 5A shows the relationship between baseline impedance and mean current squared (I 2 ) for individual radiofrequency applications in the ex vivo, thigh muscle preparation, and RA line ablation modalities.
The change in impedance during radiofrequency application (impedance drop) had a moderate correlation with lesion width (R=0.61; CI, 0.44 to −0.74) and depth (R=0.65; CI, −0.82 to −0.59; Figure 3C Taken together, radiofrequency ablation at similar power settings resulted in highly variable lesion dimensions. This was affected by baseline impedance, such that ablation at lower baseline impedance resulted in higher current output and larger lesion dimensions. Current output has stronger correlation to lesion dimensions in comparison with the magnitude of impedance drop.
Thigh Preparation Model
In the thigh muscle preparation, radiofrequency ablation at a similar power setting of 30 W per 20 seconds was performed at 3 predefined baseline impedance loads: low (<130Ω; n=20), intermediate (131-180Ω; n=20), and high (≥180Ω; n=22). Ablation at lower baseline impedance resulted in larger lesions compared with intermediate (width, 8.2±0.7 versus 6.5±0.8 mm; depth, 3.6±0.6 versus 2.9±0.4 mm) or high baseline impedance (width, 4.2±0.5 mm; depth, 1.8±0.3 mm; P <0.0001 for all comparisons). Figure 6 shows a box plot comparison between impedance loads and lesion dimensions. Figure 7 shows the biophysical profile of radiofrequency ablation at a similar power and with high versus low baseline impedance. Note that ablation at lower baseline impedance results in higher current output (I 2 ) and larger ablation lesions. 
RA Linear Ablations
In 4 swine, 3 parallel ablation lines were made on the septal, posterior, and anterolateral walls of the RA using ether low (124±8.3Ω), intermediate (157±12.8Ω), or high (195±6.3Ω) baseline impedance. A total of 4 lines at each position were performed using each baseline impedance. The number of radiofrequency applications per line, tissue contact force, and biophysical ablation data are reported in the Table. Lines created with low baseline impedance were wider in comparison with lines created with intermediate or high baseline impedance (7.2±1.4, 5.8±1.8, and 4.7±1.7 mm, respectively; P <0.0001 for all pairwise comparisons). Figure 8 shows representative examples of RA lines created with each impedance load. Note that lines produced at a low baseline impedance were wider irrespective of its location (ie, lateral versus posterior).
Current squared (I 2 ) had a strong negative correlation with baseline impedance (R=−0.94; CI, −0.96 to −0.93; Figure 5A ). The mean current squared output in lines created at low baseline impedance was 0.33±0.02 as compared with 0.26±0.02 and 0.22±0.01 Amp for intermediate and high baseline impedance, respectively; P <0.0001 for all comparisons). The magnitude of impedance drop did not correlate with current squared output (R=0.23; 95% CI, 0.11-0.35; Figure 5B ).
Taken together, RA ablation lines at a similar power setting resulted in high variance in cross-sectional width, such that a lower baseline impedance resulted in increased current output and wider lines.
Steam-Pop Formation
A total of 7 steam pops occurred in all modalities (1/68 in the ex vivo model; 3/62 in the thigh preparation model; and 3/229 in the RA lines). All steam pops occurred during ablation at relatively low baseline impedance (109±11.73Ω) and were associated with high current output (I 2 =0.4±0.05) and large impedance drop (25.14±8.52).
DISCUSSION
Since the introduction of irrigated catheter ablation technology, radiofrequency delivery is performed in Figure 4 . The effect of baseline impedance on lesion dimension in an ex vivo heart model. In this fresh porcine left interventricular septum, radiofrequency ablation was performed at a similar power setting of 30 W per 20 s and at a similar tissue contact force of 10 g. Radiofrequency applications were made at steps of increasing baseline impedance from left to right. Note that at progressively higher baseline impedance, current output and lesion dimensions are proportionally smaller. I 2 indicates mean current squared.
Figure 5. The relationship between radiofrequency (RF) current output and impedance.
A scatter correlation between baseline impedance and current (A) and impedance drop and current (B) for all experimental modalities. Note that baseline impedance is better correlation with current output compared with the magnitude of impedance drop. I 2 indicates mean current squared.
a power-controlled mode. However, lesion formation is directly related to current output leading to tissue heating and cellular necrosis. Radiofrequency generators operating in a power control mode provide constant power as determined by the operator. To maintain this power value, the current output is constantly changing during the application in response to the measured impedance (resistance). As such, alternating current output results in lesion size variability at constant power settings. A pivotal study by Bhaskaran et al 9 examined the relationship between baseline impedance and lesion dimensions in a phantom model of a power-controlled ablation using an irrigated catheter. The authors found that lesion dimensions were significantly larger with lower baseline impedance. Lesion volume was increased by 70% by decreasing the impedance value from 120 to 80Ω. In addition, they showed that ablation power titrated to impedance resulted in optimal and consistent lesion size. Nath et al 11 observed similar findings in a study of 20 patients undergoing ablation using a nonirrigated 4-mm ablation catheter. They found that reducing the baseline impedance by increasing the surface area of the dispersive skin electrode resulted in lower baseline impedance, higher current delivery, and increased tip temperature. Our study validated these findings and extended them to irrigated catheters using modern radiofrequency generators. These findings are particularly relevant given the inability to use temperature as a surrogate for ablation efficacy. The major findings of our study include the following:
1. Radiofrequency ablation operated in a powercontrolled mode can result in highly variable lesion dimensions. This results from variable current delivery depending on resistance (impedance).
2. Baseline impedance has a strong negative correlation with current squared (I 2 ), such that ablation at lower baseline impedance results in increased current delivery and larger lesion dimensions at similar power settings. 3. The magnitude of impedance drop during radiofrequency application has weak-to-moderate correlation with current output or lesion dimensions. The usual range of baseline impedance observed during human studies has been reported to be in a range between 100 and 120Ω. [12] [13] [14] [15] These values were reported for 4-mm nonirrigated catheters used with different generators. However, the range of baseline impedance with irrigated catheter and current generators appears to be higher. We observed a substantial variation in the range of baseline impedance between patients undergoing pulmonary vein isolation (100-190Ω; unpublished data). The variation in baseline impedance between patients can be related to the amount of fat or air between the catheter tip and the return skin patch, the amount of keratinized epidermis layer, and the location of the dispersive skin electrode. Contemporary radiofrequency generators allow a circuit that utilizes 2 return skin patches (doubling the surface area). From our own experience in patients, the addition of a second dispersive skin electrode and its placement in close proximity to the chest, in an area with minimal fat and air, can reduce the baseline impedance by 20 to 30Ω. We also observed that the addition of a second dispersive electrode is probably more effective than relocating a single electrode to closer to the chest. These findings are consistent with a previous report by Nath et al. 11 The optimal baseline impedance has not been well studied and is likely to be somewhat different between catheters and generators. In principle, a low baseline Figure 6 . The relationship between baseline impedance and lesion dimension in a thigh muscle preparation. Ablation was performed at similar power setting and tissue contact force at 3 levels of baseline impedance loads. The comparison is presented using box plots, whereas the red line represents the median, the box represents the first to the third quartiles, and the whiskers above and below the box show the minimum and maximum.
impedance increases current output and lesion dimensions. However, it may also result in tissue overheating and steam-pop formation. The results of our animal study suggest that the optimal baseline impedance should be in the range between 110 and 140Ω. This range of impedance load allows to maximize lesion size at a relatively low risk for tissue overheating and steampop formation. This safety to efficacy range is also consistent with the results in a phantom model. 9 Current output is directly related to tissue heating, and lesion dimensions and can potentially be used for guiding ablation. Although not commonly used for mon- itoring, the SmartAblate generator can be configured to display real-time current (I) output during ablation. Figure  I in the Data Supplement shows a screenshot from the generator during ablation displaying the current value. A current squared value (I 2 ) between 0.20 and 0.35 A2 (related to 0.4-0.6 A) appears to be effective and safe; however, this requires further studies in human.
There are potential advantages for radiofrequency ablation in a current-controlled mode. In this mode, power is not fixed but variable, to allow titration in accordance with the circuit impedance. This provides a constant current, enabling uniform lesion dimensions. Ablation in a current-controlled mode may also improve the safety profile of ablation in the scenario of precipitous fall in impedance during ablation with good contact and high power. In this situation, if the power is kept constant, substantial reduction in impedance will result in increased current output as derived from the power equation, potentially leading to tissue overheating and steam-pop formation. A constant current delivery might be desirable or would at least be less harmful in these situations.
There are also potential disadvantages for currentcontrolled ablation. First, ablation in a current-controlled mode still results in lesion-to-lesion variability ( Figure 5B ). This is likely related to the variable distribution of current between the catheter-tissue interface (current used for lesion formation) and the blood (current not used for lesion formation). In our experimental models, ablation was performed under optimal tissue contact and stability, providing consistent current distribution between tissue and blood. However, in real-world ablation, these conditions are less optimally controlled, and variability in lesion dimensions can be higher. Second, ablation in a current control mode can potentially be harmful in situations where ablation is performed under higher impedance loads, such as the coronary sinus or the pulmonary veins. In this situation, an increase in impedance load may result in increased current output that may lead to tissue overheating and steam-pop formation. In these situations, ablation in a power-controlled mode can be advantageous.
Future directions in radiofrequency ablation should focus on direct methods to observe lesion formation during energy delivery. Candidate technologies like OCT, magnetic resonance, ultrasound, and NADH fluorometry are being tested, but none are yet available clinically. [16] [17] [18] When such technology becomes available, then parameters like power, current, contact, and irrigation rate could be adjusted to assure adequate lesion formation and limit the lesion to prevent collateral injury.
In the near term, new irrigated catheter designs have started to utilize thermocouples embedded in the outer most circumference of the tip electrode. These may be able to provide real-time tissue temperature information, rejuvenating temperature as an important surrogate for ablation with irrigated catheters.
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Limitations
The major limitation of this study is inherent to its animal model nature. However, the purpose of this study was to examine the biophysical concept of radiofrequency ablation in regard to the power equation.
Conclusions
Radiofrequency ablation using irrigated catheters operated in a power control mode results in significant variability in lesion dimensions. These variations are partially related to differences in baseline impedance, such that ablation at lower impedance results in increased current output as governed by the power equation, leading to increased tissue heating and larger lesion dimensions.
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